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The bacterial flora of the forehead and back of Eskimo 
and Indian villagers in arctic Alaska was determined in 
midsummer and in winter (temperature -29° to -46°C). 
Specimens collected by the wet swab method were trans-
ported overnight, chilled, to Seattle in buffered diluent 
with Triton X-100. Control tests showed good survival 
of principal skin organisms with moderate or large ini-
tial populations and a disproportionately greater loss 
with an initial sparse population. Results of these studies 
are compared with earlier studies of the forehead flora 
of a Seattle urban population. 
On most Alaskan subjects Propionibacterium acnes 
was more abundant than staphylococci on both sites and 
both organisms had greater population densities on the 
forehead than on the back. Population densities for P. 
acnes varied from none detected to more than 106 per 
cm2 on the forehead and 105 per cm2 on the back. For 
coagulase-negative staphylococci the range was from 
none detected to more than 105 per cm2 on the forehead 
and the back. The proportion of subjects with relatively 
abundant or relatively sparse populations of P. acnes 
and of staphylococci did not change seasonally. Of 51 
staphylococcal isolates, 65% were S. epidermidis, 22% 
S. capitis, and 10% S. hominis. P. saccharolyticus was 
found on a minority of subjects on both sites. 
The kinds of organisms found on the forehead and 
their variable individual population densities were es-
sentially the same on the Alaskan villagers and the 
Seattle subjects. 
On the forehead, the back, and other sebum-rich areas of the 
human body, the adult indigenous bacterial flora consists 
largely of Propionibacterium acnes and coagulase-negative 
staphylococci. About 20% of subjects carry Peptococcus sac-
charolyticus* as an additional major constituent of the flora [1]. 
Individual differences in t he population densities of t hese or-
ganisms are great and are remarkably persistent [2]. A funda-
mental question is whether they are due to properties of skin 
per se as a microhabitat, or result directly or indirectly from 
external influences. 
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CFU: colony-forming units 
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* The name Peptococcus saccharolyticus is used in this paper for ease 
of comparison with earlier papers and to avoid confusion with the other 
coagu lase-negative staphylococci. However, we expect that the renam-
ing of this organism as Staphylococcus saccharolytic us will gain general 
acceptance in the future in view of the evidence obtained principally 
by Schleifer and his associates [3]. 
Nearly all published quantitative studies of normal flora of 
skin are based on subjects living in large urban centers or under 
t he regimented conditions of prison or military life. In most 
studies t he subjects are Caucasoid or are of unspecified ethnic-
ity. To gain further evidence on the influence of ethnicity and 
of diverse living conditions on the flora of sebum-rich s kin , we 
studied persons differing from the usua l subjects racially, cul-
turally, and in t heir climatic environments. They were residents 
of Alaskan Eskimo and Indian villages. The results show little 
difference from the flora of Seattle residents. 
MATERIALS AND METHODS 
The Subjects 
Nineteen males and 29 females , aged 13 to 74 years with a median 
age of 23 years, were studied. The two youngest, 13 and 14 years old 
were past puberty as judged by secondary sexual characteristics. Th~ 
subjects were residents of three arctic villages. Fifteen subjects in village 
1 and 15 in village 2 were tested in July and again in December or 
January. Six in village 3 were tested in July and 2 of these as well as 
12 others were tested in February. 
Two villages had populations close to 100 and one a population of 
several hundred. Although two were Eskimo villages and one an Indian 
village, all doubtless included some subjects with some Caucasian 
heritage. Electricity was available in two villages, water was carried 
from a nearby river or provided by a water supply vehicle in all three. 
The cliet included considerable fish and other wildlife, berries, and 
processed foods purchased from the village store. Residences were log 
homes or frame houses. All three villages experienced the extreme 
climactic conditions of interior Alaska. Temperatures at the time 
winter specimens were collected in the three villages were -29'C 
December 21, 1981, -46' C January 15, and -44 'C February 18, 1982. 
Most residents of village 1 used showers in the local school for 
frequent bathing. Subjects in other villages used avai lable water, pre-
sumably sparingly where it was hand-carried. The meclian reported 
time for the last previous bath to t he collection of specimens was 2 
days in summer and 3 days in winter. For the two seasons combined, 
the interval was 7 days or less for 92.5% of the subjects. Two subjects 
reported intervals of 2 weeks and "several weeks. " 
Collection of Specimens 
Following preliminary arrangements, one of us (J .R.C.) flew to the 
village where he was assisted by the local Village Health Aide, in most 
cases. Subjects were queried as to their age, birth place, date of last 
bathing, soap used, state of health, and current or recent meclications. 
All appeared to be in good health except one with an extensive infection 
on his back. Using a swab clipped in 2 ml of fu ll-strength diluent (see 
Transport media, below) we stroked a circular area 16 cm2 in t he center 
of t he forehead and in the right scapular region for 60 s with a pressure 
of approximately 2 g.t The swab was then returned to the tube of 2 ml 
of diluent, t he stick broken, and the tube sealed. Specimens were 
promptly placed in an insulated box containing Styrofoam packing and 
2 frozen packages of "synthetic ice." Specimens were chilled but not 
frozen. The box was flown to Fairbanks and from there to Seattle on a 
commercial passenger plane, in a cool compartment where freezing did 
not occur. The next morning specimens were processed in Seattle. 
t This was a lighter pressure and a more prolonged stroking than in 
our previous Seattle surveys [4]. In control studies on adjacent skin 
sites, the Alaska method gave larger numbers 5 times, the Seattle 
method 4 times, and identical counts were obtained once. 
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Bacteriologic Methods 
The specimen was vortexed and cultured quantitatively on trypticase 
soy (BBL) yeast extract agar with 0.1 % Tween 80 (Polysorbate 80, 
Atlas Chemical, Wilmington, Delaware), as described previously [4]. 
In order to accommodate what was for us an unusually large volume of 
work, we used single sets of cul tures aerobically and anaerobically 
rather than our usual duplicate sets in each atmosphere. A single colony 
on the cultures of t he lowest dilution tested, 10- 1 or 10-2 , represented 
25 or, in anaerobic cul tu res of the forehead, 250, colony-forming units 
(CFU) per cm2 of skin. All numbers of bacteria on skin represent CFU 
per cm 2• 
We a lso inoculated 0.05 ml of t he undiluted specimen by the streak 
plate method onto MacConkey agar, mannitol salts agar, and sheep 
blood agar. 
After incubation at 36"C 2-4 days aerobically or 6-8 days anaerobi-
cally, colonies were classified into colony types, counted, and represen-
tatives of t he various colony types were identi fi ed by the crite ria 
described previously [4]. In addit ion, species of propionibacteria were 
distinguished by fe rmentation of maltose and sucrose and by clearing 
of litmus milk agar [5]. Gram-negative rods were identified by the 
Enterotube II method (Roche Diagnostics, Nutley, New J ersey). Fifty-
one isolates of coagulase-negative staphylococci from 36 subjects were 
identified by the Staph-Ident system (Analytab Products, Plainview, 
New York) and novobiocin sensitivity [6]. Twenty-one of these isolates 
came from the back, 30 from the forehead, 19 were collected in summer, 
32 in winter, and t here were 15-18 from each of t he three villages. Half 
of t he isolates represented t he sole staphylococcal colony type found in 
t he specimen and 25 % more were of t he dominant type (80-96% of all 
staphylococcal colonies). These isolates were also representative of t he 
fu ll range of staphylococcal population densities found on the skin 
from fewer t han 100 to more than 115,000 per cm2• 
T ransport M edia 
Arnie's t ransport medium wi t hout charcoal, (Prepared Media Labo-
ratory, Tualatin, OR) [7], our full-strength diluent [0.75 M phosphate, 
pH 7.9, 0.1 % Triton X-100 (Rohm and Haas) [8]], and a mixture of 
equal parts (v/v) of TSY broth and glycerine were tested as potential 
transport media. Survival of coagulase-negative staphylococci, P. acn.es, 
a nd P. granulosum was evaluated by direct cultures from the skin tested 
prompt ly and again after 24 h at G"C or room temperature. P. sacchar-
olyticus and Acin.etobacter were tested from frozen stock suspensions 
and Escherichia coli from a suspension of an overnight culture on agar. 
In t he fu ll -strength diluent, survival of the three principal skin orga-
nisms, S. epidermidis, P. acnes, and P. saccharolyticus, was as good as 
or better t han survival in the other solutions. It was chosen for t he 
fie ld tests because, in addit ion to minimizing loss of viability of the 
principle skin organisms, its detergent action aided t he dispersal of 
lipid-rich skin specimens. Although full-strength diluent was the pre-
fe rred transport medium there were appreciable losses of viability in 
it. These were minimal wi th specimens having a high population 
density of stap hylococci or propionibacteria but proportionately much 
greater with specimens having moderate or sparse populations. This 
may have been due to more protective clumping of masses of bacte ria 
in t he case of skin with high populations. In one cont rol test of 4 sites 
on the same person, overnight loss of P. acnes at 6"C was 13% for the 
sample from the left forehead with 75,000 CFU per cm2 init ially and 
75% for t he right scapula with 7,500 initially. The numbers of Micro-
coccaceae (nearly all coagula5e-negative staphylococci) declined 6% 
overnight in t he left forehead specimen wi th 7,000 init ially and 31% in 
the right scapular specimen with 1,950 initially. 
In single tests of suspensions of each organism, the overnight loss of 
viability was slight with P. saccharolyticus (10%), but large with E. coli 
(95% ) and Acinetobacter sp. (99.9% ). These suspensions had 5,000,000-
75,000,000 CFU per ml at the start of t he test. Numbers of P. granu-
losum in the skin specimens used in viability tests were always small 
and loss of viability was high, 75-95%. 
Statistical Methods 
Geometric means (GM) provide the usual basis for comparing mi -
crobial populations of skin and these are included in Table II . However, 
the variation in t he lowest dilutions cultu red in different tests (10- 1 or 
10-2), and t he variable Joss of viability during t ransport (proportion-
ately greater with smaller initial populations) compromise the validi ty 
of the GM as a basis for such comparisons. In Tables I and II these 
problems are largely circumvented. Subjects are combined into groups 
in two categories: (1) those with relatively dense populations presumed 
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to have little loss of viabili ty, and (2) t hose with relatively sparse 
populations, set at a level not influenced by t he question of whether 
the lowest dilution tested was 10-1 or 10- 2• Probably the latter groups 
are a little larger than they would have been if there had been no delay 
resulting from t ransport. These groupings are consonant with previ-
ously published analyses of forehead flora (2]. 
Seattle Studies 
In order to compare the Alaskan villagers with an urban, largely 
Caucasian population tested by a comparable technique, we have used 
our data from a survey of 48 Seattle subjects carried out in 1972 and 
1973. While resul ts of that study as they relate to P. acnes have been 
published [4], the data fo r gram-positive cocci are presented here for 
t he first t ime. T he methods employed are described in the earlier 
publications [1,4]. 
RESULTS 
As shown in Figs 1 and 2 and in Table I, t he individua l 
diffe rences in population densit ies of P. acnes and staphylococci 
were great in a ll three villages in summer as well as in winter. 
Among t he t hree villages t he only notable difference was the 
near absen ce of subjects on whom no propionibacteria were 
found on t he fo rehead in vi llage 2, in con t rast to t he substan tia l 
number of such subjects in villages 1 and 3 (Fig 1). T his 
difference could readily be a result of chance selection of 
subjects. 
The data in- Table I and Fig 2 show t hat t here was no 
significant difference in population densities of P. acnes an d of 
staphylococci with t he cha n ge of season from midsummer to 
winter. Likewise, t he proportion of persons with P. saccharo-
lyticus did not diffe r season ally. 
Fig 1 a nd Table II provide a compa rison of t he bacteria l fl ora 
of t he fore head of Alaskan villagers in winter with t hat of t he 
Seattle subjects. Again, t he differences in population density of 
propionibacteria and of aerobic cocci are great wit h in each 
group. The individua l variations in population densities of 
propionibacteria a re comparable in Seattle and Alaska as in-
dicated by t he proportions of polypropic and o ligopropic sub-
jects (Table II) . However, with respect to cocci t here was a 
difference. There were proportionately more subjects with a 
re latively high population densi ty (> 10') of cocci and fewer 
with a re latively sparse population (<10'1) among Alaskans than 
amon g Seattle subjects (Table II) . 
The subject reporting "several weeks" s ince her last bath had 
79,000 propionibacteria and 4,800 staphylococci on her fo rehad 
a nd <1,000 propionibacteria a nd 10,000 staphylococci on her 
back. The 14-year-old boy reporting a 2-week interval had 
fewer t han 1,000 propionibacteria a nd fewer than 100 staphy-
lococci on both s ites. 
Speciation of Staphylococci 
Of t he 51 coagu lase-negative cocci from Alaskans identified, 
65% were S. epidermidis, 22% S. capitis, a nd 10% S. hominis. 
All t hree spec ies were found in each of t he vi llages a nd on both 
t he fore head a nd t he back. Seasona l differences in the ir recov-
ery were not significant. S. simulans was found once and one 
strain could not be identified by t he methods used. 
S. capitis came from persons wit h as few as 250 staphylococ-
cal CFU per cm 2 to as many as 110,000. S . hominis came from 
skin with from 100- 13,000 staphylococcal CFU and represented 
the sole staphy lococcal colony type in 4 of the 5 samples. S. 
simulans came from t he back of a subject with 650 staphylococci 
per cm2 , of two colony types, 80% like S. capitis and 20% like 
S . simulans. 
Micrococci were recognized in 25 Alaska n specimens, usua lly 
in sma ll numbers. The four specimens with t he highest popu-
lation densities (1,500-20,000) represented both fo rehead and 
back a nd two of t he three villages. 
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TABLE l. Summer and winter occurrence of P. acnes, coagulase- negative staphy lococci, and P. saccharoly ticus an the forehead and the back of 
Alaskan villagers" 
Numbc" of suhjects with: 
Summer 
Winter 
> 10''' 
10/29 
ll /29 
Forehead 
Propionibaclerium acne.t; 
< 10" 
13/29 
12/29 
> 10' 
7/30 
7/29 
Back 
< lO' 
15/30 
14/29 
Coagulase-negative staphylococci 
> 10' 
13/30 
13/30 
Forehead 
< 10" 
5/30 
8/30 
Back 
> 10" 
6/30 
9/30 
Pepl.ococcus saccharoly ticus 
Forehead 
1/29 
0/29 
!.lack 
3/30 
4/29 
Numerator - number of subjects with this number of bacteria. Denominator - number tested. 
"Data are from vi llages 1 and 2. Data from village 3 were insufficient in summer to perm it a seasonal comparison. 
b Numbers per cm2• 
TABLE II. Bacteria on the foreheads of Alaskan villagers and of Seattle 
residents 
Number of subjects with: 
Propionibacterium acnes Aerobic cocci" 
> 10' < 10' GM > 10' < 10" GM 
Alaska 14/43 23/43 103.5 19/43 12/43 10"··' 
Seattle 17/48 16/48 10"·" 8/48 22/48 101.05 
p NS NS <0.01 <0.05 
"Gram-positive cocci on aerobic culture. Does not include P. sac-
charolyticus. Alaska data are the same whether micrococci are included 
or excluded. Seattle data include micrococc i as well as staphylococci. 
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F IG 1. Popu lation density of bacteria on the foreheads of Seattle 
residents and of Alaskan Eskimo and Indian villagers. Alaskan data 
are for winter. Seattle tests were made between November 8 and March 
13. 
Miscellaneous Organisms 
On t he bac k, P. granulosum was found two times and P. 
auidum not at a ll. They were both identified on the forehead 
with 17% of spec imens positive in the summer (the two species 
not differentiated) and 41 % in t he winter (7% P. auidum, 34% 
P. granulosum). Aerobic coryneforms were identified 6 times, 
with fewer t han 100 CFU in 5 spec imens and 6,800 in 1 forehead 
sample. Staphylococcus aureus was found once from village 1, 
5 t imes from vill age 2, a ll in t he summer and not at a ll in t he 
win te r, and never more t ha n 25 CFU per em~ . The subject with 
a n extens ive back infection yielded no S. aureus. He had 
112,000 cogu lase- negative staphylococci and 11,000 P. acnes. 
Gram-negative rods were isolated from 5 scapular specimens 
and 13 forehead spec imens, with Acinetoba.cter species (5 spec-
Propionibacteria Cocci 
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FI G 2. Population density of bacteria on the backs of Alaskan 
villagers in summer and in winter . 
imens) and E nteroba.cter a.gglomerans (4 spec imens) t he most 
frequent. Eight specimens yielded 100 or more with a maximum 
of 2,700 Acinetobacter in one specimen. Twelve CFU of a 
Bacillus species were recovered in one specimen and 25 CFU of 
a n unidentified yeast in another. 
DISCUSSION 
Little is known about the effects of racia l differen ces and of 
socioeconomic factors on indigenous cutaneous flora . Accordina 
to Kishishita [9], Japanese subjects have variations in popula~ 
t ion density of P. acnes on t he forehead similar to those found 
in Seattle. Noble [10] has summarized the limited in fo rmation 
avai lable on racia l differences in incidence of various skin 
infections, differences in nasa l carrier rates of S. aureus, and 
the rates at which Negroid and Caucasoid chi ldren became 
colonized wi t h P. a.cnes in England. Neither competition be-
tween Micrococcaceae and propionibacteria nor individual dif-
ferences in the rate of sebum secretion account for differences 
in population density of these organisms on skin according to 
Cove, H olland, and Cunliffe [11]. 
The principal fact that emerges from our study is the simi-
la rity of t he fl ora of Alaskan native vi llage rs in the a rctic to 
those of an urban, university-associated population in Seattle. 
Individual variation in population density of P. acnes and of 
coagulase-negative staphylococci exhibi ted similar patt erns in 
t he two populations. The greater numbers of cocci found on 
t he foreh eads of Alaskan subjects is a statistically significant 
differe nce between Alaskan and Seattle subjects but, as shown 
in Fig 1, the difference is not great. The proportionately greater 
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loss of viability in specimens with relative ly few bacteria prob-
ably accounts for t he la rge number of back specimens from 
w hich no propionibacteria or staphylococci were recovered in 
t he Alas kan study. Most of t hese specimens would probably 
have shown modest numbers of bacteria if cultured promptly 
after swabbing. 
Our findings with respect to species of coagulase-negative 
s taphylococci on Alaskan villagers are with in the range found 
by Kloos and Musselwhi te for the various species of coagulase 
staphylococc i on t he skin of subjects living in North Carolina 
and New J ersey [12]. 
Ot h er bacteria including S. a.ureus , aerobic coryneforms, a nd 
gram-negative rods were found infrequen t ly a nd usually in 
s mall numbers . However, poten t ia l loss of viability during 
t ransport ma kes t he absence of t hese organisms from our 
cultures a nd t heir quanti tation when present, unreliable. Our 
recovery of gram-negative rods from 18 specimens ra ises t he 
question of whether these bacteria may be more stable on skin 
t han in t he cultures used for control tests, just as bacteria 
occurring in tap water have been reported to be more resistant 
t han the same organisms in culture [13]. 
I t appears that conditions of skin that determine the princi-
pal kinds of indigenous organisms present and the great indi -
v idual differences in their population densities have been influ -
enced litt le by the evolut ionary chan ges or by t he cultural a nd 
e nvironmenta l differences that distinguish a Seattle urba n 
Caucasian popu lation from Alaskan Eskimo a nd India n vil-
lagers in t he arctic . The cause of the great individual differences 
remains a mystery but the evidence favors some int rinsic 
difference in ski n such as a difference in t he composition , if 
not t he quantity, of sebum. 
We thank Dr. F. D. Schoenknecht and Mr. J . D. Harville for 
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